C.
Sb. OTHER REPORT NO(M) (Any other nuolbere that way be eaelgned this report) d.
DISTRIUUTION STATrUMNT
,Approved for prblic release; distribution unlimited.
SUIPPLEMENTARY NOTES

SPONSORING MILITARY ACTIVITY
1U. S. Army Materiel Command Washington, D. C. 20315
I, AISSTRACT A theoretical and experimental study is m'de of the phenomenon indicated in the title. It is shown that for inertial 4aves, just as for gravity waves, there are discontinuities in the tangential particle velocities at the interface in a real, twocomponent liquid, a fact implying the existence of a vortex sheet. For the case where the two liquids completely fill the cylinder, other results are obtained that are analogous to those for gravity waves.
In particular, if the liquids are nearly of the same density, there are tgo "ets of frequencies, one set characterizing oscillations of the liquid mass as a whole, the other set characterizing very low frequency oscillations at the interface. For the case in which the two liquids have markedly different densities, there are again two sets of frequencies, one set characterizing oscillations of the inner liquid as though the outer :iquid were a solid mass, the other set characterizing oscillations of the outer liquid as though the inner liquid were absent. For the general case, physical interpretations are difficult; hence, a we have:
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After a momentary disturbance of the container that generates a "perturbation" velocity u = (u,v,w), the linearized Euler equations in the two regions are: 
2 where P, u and P 2 u are the two pressures and perturbation velocities in the two regions after the disturbance. Subtracting (1) from (3) and (2) from (4), we have
where P' and P may properly be termed perturbation pressures. 
From the continuity equation V• -k =0, one gets:
We solve equation (7) by the usual separation of variables process, 
On the lateral surface r = c, the cnndition u • n = 0 gives:
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In section B we outline how we search for the liquid eigenfrequencies experimentally by adjusting certain physical parameters until the gyroscope undamps.
Inferring that this undamping is due to resonance between one of the liquid eigenfrequencies and the nutational frequency of the gyroscope (see Stewartson 4, 1957) , one can determine that particular eigenfrequency. Though the validity of this procedure is well documented, it nevertheless affords a determination of only those modes for which m = 1, for one can show that coupling between the liqud and shell 2 motions occurs only for that value of m 2 Hence, the form of equation The dynamic boundary condition on the inner free surface is P = 0.
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Hence:
which, in terms of (11), is: 
Hence, ni = 1. pt, P', u1, and u ,we have: where the definitions of the several I's are obvious.
From the above set of equations one can express PI and P' in terms 1 2 of A'. Then, from v =u -i = 11an
, one can show that v v Hence, as is the case for gravity waves in superposed liquids1, one infers that for inertial waves in a real liquid there would be a vortex sheet at the interface.
Equations (22) - (25) are a homogeneous set, and a necessary condition that A', B', A', and B' be non-zero is that the determinant of the 1 1 2 2 coefficients be zero. Hence:
which is the frequency equation.
We first consider a special case of (26). Let the two liquids completely fill the cylinder. Then a = 0 and equation (26) reduces to
We now consider two special cases of equation (27). Case I:
Then, from (27), we have: Alternatively, from (27) we have: Then, from (27), we have:
physical interpretations. Hence, we merely give a table of theoretically and experimentally determined frequencies versus composition for a particular density ratio*. Since viscosity undoubtedly has an effect, it was essential that the two liquids of different density have small, equal, kinematic viscosities. Fortunately, the Dow-Corning Company has just developed a light oil that has a kinematic viscosity (one centistoke) equal to that of water, yet with a specific gravity of 0.8. All of the experiments were run using water and this oil, and the results are given in Table I .
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